Inducing or enhancing superconductivity in topological materials is an important route toward topological superconductivity. Reducing the thickness of transition metal dichalcogenides (e.g. WTe 2 and MoTe 2 ) has provided an important pathway to engineer superconductivity in topological matters; for instance, emergent superconductivity with T c ∼ 0.82 K was observed in monolayer WTe 2 1, 2 which also hosts intriguing quantum spin Hall effect 3 , although the bulk crystal is nonsuperconducting. However, such monolayer sample is difficult to obtain, unstable in air, and with extremely low T c , which could pose a grand challenge for practical applications. Here we report an experimentally convenient approach to control the interlayer coupling to achieve tailored topological properties, enhanced superconductiv-1 arXiv:1911.02228v1 [cond-mat.mtrl-sci] 
ity and good sample stability through organic cation intercalation of the Weyl semimetals MoTe 2 and WTe 2 . The as-formed organic-inorganic hybrid crystals are weak topological insulators with enhanced T c of 7.0 K for intercalated MoTe 2 (0.25 K for pristine crystal) and 2.3 K for intercalated WTe 2 (2.8 times compared to monolayer WTe 2 ). Such organic-cationintercalation method can be readily applied to many other layered crystals, providing a new pathway for manipulating their electronic, topological and superconducting properties.
MoTe 2 and WTe 2 in the T d phase (Fig. 1a ) have attracted extensive research interests for their intriguing topological properties both in the bulk crystals and monolayer films. While their bulk crystals are representative three-dimensional (3D) type-II Weyl semimetals [4] [5] [6] (Fig. 1b) , the corresponding monolayer films are predicted to be two-dimensional (2D) quantum spin Hall insulators 7 , with the topological electronic structure 8 , edge conduction 9 and quantum spin Hall effect 3 subsequently realized in monolayer WTe 2 . Introducing superconductivity into such topological materials provide exciting opportunities for topological superconductivity with potential applications in topological quantum computation 10, 11 . Excitingly, monolayer WTe 2 exhibits gate-tunable superconductivity with T c = 0.82 K as compared to its non-superconducting bulk counterpart 1, 2 .
Similarly, enhanced superconductivity has also been reported in monolayer MoTe 2 with T c up to 8 K 12, 13 (compared to bulk crystal with T c of 0.25 K 14 ), suggesting that reduced dimensionality plays an important role in the superconductivity. However, so far such monolayer samples are difficult to obtain through mechanical exfoliation or thin film growth. Moreover, they are extremely sensitive in air 15 and require sophisticated protection layers 1, 2 , making it challenging for practical applications. Here we report a strategy to manipulate the interlayer coupling in both MoTe 2 and WTe 2 bulk crystals through organic cation intercalation (as shown in Fig. 1a ), which forms a new class of organic-inorganic hybrid crystals with tailored topological properties, enhanced superconductivity and greatly improved stability compared to monolayer film.
To intercalate large organic cations into these model systems, we employ an electrochemical reaction method using the ionic liquids [C n MIm] + (1-Alkyl-3-Methylimidazolium)[TFSI] − (Bis(Tr-iFluoroMethylSulfonyl)Imide) ( n = 2,4,...) as the reacting agents. This is in sharp contrast to conventional electric double layer transistor (EDLT) using ionic liquids 16, 17 , where charge carrier concentration is tuned through interfacial electrostatic effect while electrochemical reaction is intentionally avoided. It is interesting to note that recent studies reveal that the electrolysis of water residual within the ionic liquid could also lead to intercalation of oxygen and hydrogen ions 18 , which however has negligible effect on the interlayer spacing 19 . In strong contrast, here we achieve successful intercalation of large organic cation (for example, [C 2 MIm] + with chemical formula of [C 6 H 11 N] + 2 ) into these layered crystals with dramatically increased interlayer spacing.
The intercalation of organic cation reduces the interlayer coupling of bulk MoTe 2 and WTe 2 , resulting in a band-structural topology transition from a 3D type-II Weyl semimetal to a 3D weak topological insulator (schematic in Fig. 1b ) -stacking of weakly-coupled 2D quantum spin Hall insulators 20 (see calculated band structure at different interlayer spacings in Extended Data Fig. S1 ).
Therefore, this organic-cation-intercalation method identifies an innovative strategy to control the dimensionality of transition metal dichalcogenides, so as to design novel electronic states, e.g.
superconductivity and complex band-structure topology. The electrical property of the intercalated MoTe 2 sample is revealed by transport measurements. The intercalated sample shows overall larger sheet resistance ( Fig. 2a ) than the pristine sample (inset in Fig. 2a ), suggesting more insulating electronic properties. Meanwhile, the sudden change in resistance at 240-260 K corresponding to the phase transition between T d and 1T (dif- is only slightly lower than T c0 , further supporting that the interlayer coupling in the intercalated sample is very weak. Figure 2f shows the differential resistance dV/dI measured at 2 K under applied magnetic field. The obvious plateau at zero magnetic field gives a critical current of I c = 6.6 mA, which is more than four orders of magnitude higher than the value (≈ 100 nA) reported in monolayer WTe 2 2 . Such large critical current is in line with the bulk superconductivity in this intercalated sample with thickness of approximately 20 µm compared to a fewÅ for monolayer film, implying that the intercalated MoTe 2 sample contains many superconducting layers that are Due to the quasi-two-dimensional nature of this hybrid crystal, the superconducting state is much more robust against in-plane magnetic field (H ) than the out-of-plane magnetic field (H ⊥ ).
Under an in-plane magnetic field of 25 T, T c drops by 71% (Fig. 3a) . However, the superconductivity is much more sensitive to the out-of-plane magnetic field and T c already drops by 77% under H ⊥ of 3 T (Fig. 3b ). Figure 3c shows the extracted upper critical magnetic fields as a function of temperature. By fitting the out-of-plane upper critical field H c 2 ,⊥ using the Ginzburg-Landau
where Φ 0 is the magnetic flux quantum, the in-plane coherence length is extracted to be ξ ab (0) = 9.6 ± 0.1 nm, which is consistent with pressure induced superconducting MoTe 2 14 . It is interesting to note that for the in-plane upper critical field, the ex- There are a few possible scenarios for the large in-plane upper critical field. Firstly, we note that tilted Ising superconductivity 12 , which is in analogy to Ising superconductivity in monolayer Figure S1 shows the calculated band structures for MoTe 2 with interlayer spacing of 6.9 A (Fig. S1a , pristine) and 11.3Å (Fig. S1b, intercalated and Te ingot (99.99%, Alfa Aesar) at 900 • C in a vacuum-sealed silica ampoule for several days.
Using chemical vapor transport method with TeCl 4 (5 mg/mL) as transfer agent, polycrystalline 1T -MoTe 2 was transferred from high temperature (930 • C) area to low temperature (910 • C) area to achieve recrystallization. After keeping the reaction for a few days, the ampoule was quenched immediately in cold water to avoid undesired structural phases. In the end, large and shiny high quality pristine 1T -MoTe 2 single crystals were obtained. Upon cooling, the MoTe 2 crystal undergoes a structural phase transition from 1T (stacking angle 93.9 • ) to T d phase (stacking angle 90 • ) at 240 K 5, 38, 39 . High quality T d -WTe 2 single crystals were synthesized using a similar method.
Organic cation intercalation. Intercalation of ions or atomic molecules has been applied to transition metal dichalcogenides 40 and more recently to ion-based superconductors 41 and black phos- days. The similar T c between these two measurements suggests that the sample is quite robust in air.
Intercalation of other ionic liquids. Besides [C 2 MIm] + , the intercalation of other ions is also possible. For instance, [C 6 MIm] + can also be intercalated into MoTe 2 and it shows similar superconducting properties (Extended Data Fig. S4 and S5) . The onset superconducting temperature is 6.5 K, and zero resistance occurs at 5 K. Due to the 2D nature, the superconducting state is anisotropic to magnetic field as well. An out-of-plane magnetic field destroys the superconductiv- 
